Abstract We detect and analyse transverse oscillations in a coronal loop, lying at the south east limb of the Sun as seen from the Atmospheric Imaging Assembly (AIA) onboard Solar Dynamics Observatory (SDO). The jet is believed to trigger transverse oscillations in the coronal loop. The jet originates from a region close to the coronal loop on 19
Introduction
Magnetohydrodynamics (MHD) waves are ubiquitous in solar atmosphere. With the advent of the high resolution observations after the launch of Solar and Heliospheric Observatory (SOHO), Transition Region and Coronal Explorer (TRACE), Hinode, Solar Terrestrial Relations Observatory (STEREO) and Solar Dynamics Observatory (SDO), MHD waves have been well studied in recent years (Aschwanden et al., 1999; Nakariakov et al., 1999; Ofman and Wang, 2002; O'Shea et al., 2007; Verwichte et al., 2009; Srivastava and Dwivedi, 2010; Aschwanden and Schrijver, 2011; White and Verwichte, 2012; Mathioudakis, Jess, and Erdélyi, 2013) .
The MHD waves and oscillations provide an important input in diagnosing the local plasma conditions using the principles of MHD seismology; as first suggested by Uchida (1970) using Moreton wave and Rosenberg (1970) using intensity fluctuations associated with type IV radio emission. Using the principles of MHD seismology, magnetic field strength in the solar corona was estimated by Aschwanden et al. (1999) , Nakariakov (2000) , Nakariakov and Ofman (2001) , Schrijver, Aschwanden, and Title (2002) , Aschwanden et al. (2002) , Nakariakov and Verwichte (2005) , Aschwanden (2006) , Ruderman and Erdélyi (2009) , Aschwanden and Schrijver (2011) . Edwin and Roberts (1983) , Roberts, Edwin, and Benz (1984) interpreted transverse oscillations as nearly incompressible fast kink mode in the MHD regime. The first observations of transverse oscillations in coronal loops were reported by Nakariakov et al. (1999) , Aschwanden et al. (1999) , Schrijver et al. (1999) . Transverse loop oscillations are often excited by nearby flares (Aschwanden et al., 1999; Nakariakov et al., 1999; Hori et al., 2005; Verwichte, Foullon, and Van Doorsselaere, 2010; Wang et al., 2012) and reconnection at loop top (White and Verwichte, 2012) . Other methods of measuring coronal magnetic field include gyro-resonance modeling of radio emission (Lee et al., 1999) , but this can only be applied to strong magnetic field regions like sunspots.
Transverse oscillations are often found to be damped most likely due to resonant absorption (Ruderman and Roberts, 2002; Goossens, Andries, and Aschwanden, 2002; Hollweg and Yang, 1988) . Recently there have been few reports on decayless oscillations in coronal loops (Nisticò, Nakariakov, and Verwichte, 2013; Anfinogentov, Nakariakov, and Nisticò, 2015) . The driving mechanisms of such oscillations have not been clearly understood. Recently, Zimovets and Nakariakov (2015) have provided a statistical investigation of coronal loop oscillations observed with SDO in association with blast waves due to a nearby flare, coronal mass ejections, type II radio bursts, etc. They found that kink oscillations (∼ 95 % of them) were triggered by nearby low coronal eruptions (LCE) observed in the extreme ultraviolet band. Thus different types of transient can trigger oscillations in nearby magnetic structures which provide additional data for coronal seismology. Here we explore if transients like jets, that carry much smaller energy as compared to CMEs or blast waves can trigger oscillations in nearby coronal loops.
In Section 2, we report the observations and the data analysis. In Section 3, we describe the observations from STEREO. In Section 4 we present time distance analysis to study the dynamics of the jet which is followed by Section 5, where we carry out MHD seismology to estimate the magnetic field strength. In Section 6, we calculate the energy stored in jet and coronal loop oscillations. In Section 7, we report the coupling between oscillations in jet with coronal loop oscillations which is followed by conclusions.
Observations and Data analysis
A jet was observed at the south east limb of the Sun on 19
th September 2014 at 02:01:35 UT. A narrow CME was detected at 04:37 UT in Large Angle Spectroscopic Coronagraph (LASCO) on board SOHO. The CME may be the coronographic counterpart of the jet (Feng et al., 2012; Paraschiv et al., 2010; Nisticò et al., 2009) . The observation was made using the extreme ultraviolet (EUV) passbands of the Atmospheric Imaging Assembly (AIA) onboard SDO. AIA instrument provides almost simultaneous full-disk images of the Sun at ten different wavelengths, of which seven are in the EUV band. AIA has a spatial resolution of 1.3 , pixel size of 0.6 and a cadence of 12 s (Lemen et al., 2012) . At 02:12:11 UT (∼ 12 min after the jet was started), transverse oscillations in a coronal loop were observed. The region where the jet and the coronal loop were observed is outlined with a red box in Figure 1 . The jet is marked with an arrow. A sequence of images was taken, encompassing 1.5 hr, covering 1 min before and 1.48 hr after the jet. Since the jet gets fainter as it propagates outward, we make an unsharp mask movie to clearly show the propagation of the jet and its interaction with the coronal loop (see movie 1 online). We note that only one complete transverse oscillation of coronal loop was clearly observed. Moreover we also note that the jet oscillates in the transverse direction to its propagation (see Section 4).
In Figure 1 , it is worth noting that only half of the coronal loop is clearly visible. To enhance the contrast, we smooth the images (to remove noise) and convolve them with the Laplacian operator to enhance the regions of the sharp change of the brightness. The processed image is shown in the left panel of Figure 2 . In order to estimate the length of the loop, we use the image obtained after the application of Laplacian operator and choose ten points along the length of the loop. Then we interpolate a curve passing through these points using cubic spline fitting as shown in the right panel of Figure 2 . This procedure is repeated several times to calculate the mean projected length L and the standard deviation of the coronal loop; which is estimated to be ∼ 377 Mm and 7 Mm, respectively. The length of the coronal loop estimated using this method can be taken as a lower limit of the loop length. Furthermore, we estimate the length of the loop assuming it to be a semicircle. We calculate the radius by estimating the distance between the solar limb and the coronal loop top. Since there is uncertainty in the estimation of the coronal loop top (because the coronal loop is quite thick), we take the thickness of the coronal loop as the error in the measurement of the radius. Using this, we estimate the length of the coronal loop to be 539 ± 30 Mm. This can be taken as the upper limit of the loop length. It is worth noting that the calculated radius is projected in the plane of sky. Thus the estimated length of the coronal loop is still an underestimate of its true length.
Transverse oscillations in coronal loop
Seven artificial slices are placed perpendicular to the coronal loop to detect transverse oscillations. Corresponding to each slice, we generate a time-distance Figure 1 . AIA/SDO image of 171Å, taken on 19th September 2014 at 02:06:11 UT. The red box highlights the jet (top) and the coronal loop (bottom). The white arrow points at the location of the jet. Seven artificial slices are placed perpendicular to different parts of the loop to detect the transverse oscillations (see Figure 3 ). An animation is available online as movie 1.
map which is referred to as x-t map, henceforth, throughout the manuscript. The x-axis represents time and the y-axis represents the distance along the slice.
Time-distance maps are sharpened using the unsharp mask technique. The sharpened maps are shown in Figure 3 . It is quiet evident from the x-t maps that the coronal loop undergoes transverse oscillations. It is also worth noting that the loop under study is not monolithic but consists of many fine strands, which are oscillating coherently.
For the calculation of the dynamic parameters for the coronal loop, first a Gaussian is fitted along each column of a given x-t map, and the mean values and one-sigma errors are estimated. We apply this procedure on the x-t maps for slice, n = 4, 5, 6 and 7 only because slices, n = 1, 2 and 3 are near to the footpoint of the coronal loop, thus the displacement of the coronal loop is very small. Moreover, near the footpoint of the coronal loop under study, there are many other fine loops along the line of sight that make the detection of transverse oscillation even more difficult. From the x-t maps, we notice that the oscillations have a very poor quality factor (only one complete cycle is observed with no clear gradual decrease of the amplitude), and therefore we fit the x-t maps with an undamped sinusoidal function having the expression:
where C = equilibrium position of the loop, A 0 = displacement amplitude, ω = oscillation frequency, φ = phase. We use the MPFIT function (Markwardt, 2009) in the Interactive Data Language (IDL) to obtain the best fit values of the undamped sinusoidal equation parameters. The best fit sinusoidal curve with best fit parameters are shown in Figure 4 . From the fitted curves in Figure 4 , we estimate the average oscillation period (P = 2π ω ) to be ∼ 32 ± 5 min. We note that oscillations at different positions along the coronal loop are in phase. This mode of oscillation is called the global kink mode. We also notice that the one foot point of the loop appears to be anchored at the limb. Using the Laplacian filtered image (see Figure 2) we find that the other foot point may be anchored behind the limb, thus we infer this mode of oscillation as the fundamental standing mode. . Sharpened x-t maps corresponding to the seven slices placed on the loop (see Figure 1 ). x-t maps were sharpened using unsharp mask. The x-t graph shows the evidence of transverse oscillations in the coronal loop. We also note that the coronal loop is not monolithic but a bundle of fine strands which are oscillating coherently.
Observations using STEREO
In this section, we use STEREO/EUVI-B 171, 195, and 304Å images to get an additional perspective of the coronal loop and the jet. We explore if it is possible to get a stereoscopic view of the loop and the jet. In Figure 5 , the limb of Sun as seen from AIA is overplotted on an EUVI 171Å image and the solar limb as seen from EUVI is overplotted on a AIA 171Å image. We find that the jet source region is not observed in the EUVI 171Å image because it is behind the limb. Since the cadence of EUVI 171Å is one hour thus we could not see the trajectory of the jet in EUVI 171Å. In addition to this only few parts of the coronal loop under study are seen in EUVI 171Å. The possible position of the loop under study is marked with a red arrow in EUVI 171Å. The corresponding position in AIA 171Å is also marked with a red arrow. We could not associate the loop features as seen from EUVI 171Å with the corresponding loop features as seen from AIA 171Å. For example, the loop we see in EUVI 171Å (marked with red arrow in EUVI 171Å), could be the other foot point of the coronal loop which is not clearly seen in AIA 171Å image (marked with red arrow in AIA 171Å). Thus it is extremely difficult to perform the triangulation in such a scenario. We repeat the same analysis with EUVI 195Å images (see Figure 6 ). Since EUVI 195Å has a better cadence of 5 min, we are able to see the jet in one frame in EUVI 195. We have made a normal intensity movie and a difference movie (movie 3 and movie 4) to illustrate it. Similarly the jet is also seen in EUVI 304Å difference images (see Figure 7) . We have also made a normal intensity and a running difference movie (movie 5 and movie 6) using EUVI 304Å and AIA 304Å.
EUVI 195Å
In the difference movie of EUVI 195Å and AIA 193Å (movie 4), a disturbance is seen to be moving inwards towards the solar disk in EUVI 195Å. On close inspection of EUVI 195Å images (see movie 3), we note that the plasma disappears at the location where we see a dark feature in difference images. It starts near the limb and propagates inward towards the disk (marked in Figure 8 (left panel)). This disappearance of plasma manifests as a dark feature in EUVI 195Å difference images (see Figure 8 ). This is unlikely to be caused by an eruption because otherwise it would have been propagating outwards. There could be few possible scenarios, one that the disappearance might have been due to the heating of the plasma from a nearby flare or some other event (jet in this case) which transfers the energy to the surrounding medium. Secondly, there can also be a change in the magnetic field topology due to magnetic reconnection which may cause plasma to escape through open field lines and therefore appearing as a dark feature in EUV 195Å. Furthermore, it is also possible that the inward feature that is seen in EUVI-B 195Å is the jet material falling down to the surface following the local magnetic field lines. We notice from movie 4 that the dark feature first appears in AIA 193Å. It interacts with the coronal loop and displaces it. Subsequently it appears in EUVI 195Å and propagates inwards. Therefore disturbance seen in EUVI 195Å must be associated with the jet as seen in AIA. 
Analysis of the jet
High resolution images obtained from AIA/SDO enable us to resolve the jet and characterise its properties. Often jets are observed near coronal holes (Chandrashekhar et al., 2014) . Appearance and dynamics of jets have been well studied due to their contribution to coronal heating and solar wind acceleration (Chandrashekhar et al., 2014; Mueller and Antiochos, 2008; Savcheva et al., 2007; Shibata et al., 1995) .
The jet is seen in AIA 304Å, 171Å, 193Å, 211Å and to some extent in 94Å. In AIA 304Å and 171Å the jet is seen as a bright collimated plasma propagating outward while in hotter channels like AIA 211Å and to some extent in 193Å, we notice bright collimated plasma initially, which becomes fainter at later times, followed by a dark emission which is most likely due to the heating of the plasma. In 94Å we see a faint emission which suggests that the jet is multithermal in nature having both cool and hot components (see movie 7 and movie 8). As explained above in AIA 211Å and 193Å, a dark feature seen in difference images which is the manifestation of the dark emission seen in normal intensity images. At the same location in AIA 94Å a faint emission is seen, which is the signature of heating (see Figure 9 ). The animations of difference images of AIA 211Å and 94Å are available online as movie 7 and movie 8, respectively. It is worth noting at this point that the dark feature seen in AIA 211Å, either could be the hot component of the jet or it could be the signature of heating caused by the jet. However, due to low signal to noise we could not find bright emission in 94Å but certainly a faint emission is seen in the difference images. The mechanism of heating is beyond the scope of present study.
We found that the jet is associated with a B9 class flare as recorded by GOES-15, whose peak is recorded at 02:13 UT. It may also be possible that the inward moving dark features observed with STEREO/EUVI-B 195Å could be the faint EUV wavefront triggered by the jet (Liu and Ofman, 2014) or the result of jet material falling back to the solar surface (Culhane et al., 2007) . We also estimate the temperature at the location of dark emission using DEM technique developed by Aschwanden et al. (2013) . We find at the location of dark emission seen in AIA 211Å difference images, the temperature is hot as compared to other regions. Figure 10 right panel shows the temperature map with contours of log(T)=6.3 overplotted and left panel shows the difference image of AIA 211Å with contours of log(T)=6.3 overplotted in red color. We note that the contours surround most of the dark emission seen in AIA 211Å. We conjecture that the jet interacts with the loops, causing transverse oscillations and with the ambient medium transferring part of its energy and heating local plasma. This heating causes plasma to disappear from AIA 193 and 211Å passbands thus dark features appear in the hotter channel. When this heating shifts towards the far side,beyond the limb, we see it as a dark feature propagating inwards in EUVI 195Å. Moreover, as pointed out in Section 3.1, the propagating dark feature seen in EUVI 195Å could be the jet plasma falling back towards the Sun.
We estimate the velocity of the jet by creating an x-t map. In order to generate the x-t map, we isolate the trajectory of the jet. We choose a few points along the path through which the jet propagates (starting from the time of jet eruption until the jet vanishes). Next, we interpolate a curve between these points using cubic spline fitting. We plot another curve, 50 pixels apart, parallel to it, so that the jet propagates within the region outlined by the two white curves as shown in the left hand panel of Figure 11 , in spite of the transverse displacement of the jet. The trajectory of the jet, marked with white curves, is shown in a movie available online (see movie 2). Finally, we average the intensity between two curves and create the x-t map. The x-t map is shown in the right panel of Figure 11 . Inclined ridge in x-t map represents the jet propagating outwards along the chosen curved artificial slice. We fit a straight line using eye estimation. The velocity of the jet is estimated by calculating the slope of the fitted line, which is found to be ∼ 43 ± 4 km s −1 . We follow the same analysis on AIA Figure 11 . The left panel shows the region of jet propagation is outlined by two parallel curves. Right panel represents the x-t map for the region selected (as shown in the left panel). The fitted straight line is shown in green colour. The velocity of the jet is found to be ∼ 43 ± 4 km s −1 . An animation is available online as movie 2.
211Å difference images and generate x-t map as shown in Figure 12 . In this case we choose a broad straight slice, to ensure that both bright and dark features remain within the slit for the entire duration of the analysis. In the right panel of Figure 12 , we see bright and dark ridges. The bright ridge corresponds to jet material and is estimated to be propagating with a speed of 63 km s −1 . The dark emission is estimated to be propagating with a speed of 168 km s −1 . This could either be the hot component of jet or the heating caused by jet eruption, which is propagating outward. However, due to poor signal to noise in AIA 94Å, we could not make x-t maps of AIA 94Å.
We also analyse the transverse oscillations in the jet as it propagates. Since the jet propagates while it oscillates, we placed 40 artificial slices along the axis of jet propagation to capture the transverse oscillations. This is done by joining 40 equidistant points of one of the curves, to its corresponding parallel point on the other curve. Therefore, we get 40 transverse slits at 40 equidistant position along the axis of jet as shown in Figure 13 .
We create x-t maps for individual slices and add them. The resulting x-t map is shown in Figure 14 . Since the jet gets fainter as it propagates outward, the jet intensity decreases with time in x-t maps. We find that both high and low periodicities are co-existent. The high frequency signal however is present only in a region close to the footpoint of the jet. We fit two sinusoidal curves in Figure 14 as shown in white and green curves and found the periodicity of 2 min and 24 min respectively. It is important to note that the time period of jet oscillation (∼ 24 min) is nearly equal to the time period of oscillations of the coronal loop (∼ 31 min).
MHD Seismology
We assume the coronal loop to be a cylindrical magnetic flux tube of uniform magnetic field B 0 , where the minor radius a, that is the half width of the coronal loop cross-section is L (where L is the total length of the loop). This is called the thin tube or long wavelength approximation. Thus, k z a << 1 (where, k z = 2π/λ and λ = 2L for fundamental mode). In thin tube (TT) approximation, the phase speed V ph is the same as the kink speed C K (Nakariakov and Verwichte, 2005) :
where C K is also defined as the density averaged Alfvén speed (Edwin and Roberts, 1983) , i.e ,
where ρ 0 and ρ e are the density of uniform plasma inside and outside the loop respectively and C A0 and C Ae are the internal and external Alfvén speeds which can be defined as follows : where B 0 and B e are the internal and external magnetic fields respectively for the coronal loop. Substituting Equation (4) and (5) into Equation (3), and assuming that the internal and external magnetic fields of the loop are equal, we get :
Using Equation (2), we estimate the kink speed (C K ) to be ∼ 392 ± 17 km s −1
(and ∼ 560±38 km s −1 , assuming coronal loop to be semicircle) and the internal Alfvén velocity ∼ 299 ± 27 km s −1 (and ∼ 415 ± 28 km s −1 , assuming coronal loop to be a semicircle), assuming density contrast ρe ρ0
= 0.1. It is worth noting at this point that density contrast depends on the EUV intensity ratio as,
Io , where I e and I o are EUV intensity of background and inside the loop, respectively. We find that the intensity ratio along the loop changes from loop footpoint to the loop top. Furthermore, we also note that the intensity ratio at a given position along coronal loop changes as it oscillates, presumably due to variations in the column depth of the loop along the line-of-sight by the wave (Cooper, Nakariakov, and Tsiklauri, 2003) . We estimate the intensity ratio at several places along the loop and at different times. We find that the intensity ratio varies from 0.18 to 0.5. Thus density contrast varies from 0.4 to 0.7. We use AIA 171Å for the analysis because the loop is best visible in this wavelength. However, it is important to note that the intensity contrast of the loop also depends on its orientation thus the density contrast may still be a rough estimate. Table 1 shows the estimation of Alfvén speed and magnetic field strength for different values of density contrast (i.e, 0.1, 0.4 and 0.7). We keep 0.1 for comparison since this is a typical value which is used in most studies. Using Equation (4) and taking µ 0 = 4π × 10 −7 H m −1 (in SI units), we can estimate the magnetic field inside the coronal loop (B 0 ), provided the internal density of the coronal loop is known.
Density estimate using DEM analysis
In order to calculate the internal density of coronal loop we use differential emission measure analysis technique developed by Aschwanden et al. (2013) . Using this automated technique we obtain the number density of electrons (n e ) to be 10 8.56±0.17 cm −3 and the average temperature to be 10 5.79±0.21 K (see Figure 15 ). Figure 15 . The left panel shows the location of loop, enclosed in curves, selected for analysis. The best-fit values of the DEM peak temperature, the electron densities, loop widths, and the goodness-of-fit χ 2 for the 171Å, Gaussian DEM fits, are shown in the right panel of the graph.
Calculation of magnetic field inside the coronal loop
Estimating electron density using DEM and assuming H:He=10:1, we obtain the magnetic field strength inside the coronal loop for different values of density contrast using Equation (4) and (6) (see Table 1 ). The estimated value of magnetic field inside the loop is low as compared to active region loops.
Energy estimates
In order to understand if the jet can trigger the transverse oscillations in the coronal loop, we calculate the energy density of the jet and compare it with the energy density of the oscillating coronal loop. Although both transverse oscillations and linear motion contribute to the energy density of the jet, we estimate energy density of the jet due to only linear motion. Moreover, we estimate energy density using the bright feature of the jet. We do not consider the energy density of hot component of jet since it is very difficult to measure its density and thus its energy density. Therefore, it should be borne in mind that the energy density of jet is an underestimate of total energy density. The energy density of the propagating jet due to its linear motion is defined as
where ρ jet is the density of the jet. The typical value of the number density of the jet is reported between 10 9 cm −3 (Shimojo and Shibata, 2000) to 10 10 cm −3 , (Madjarska, 2011; Moreno-Insertis and Galsgaard, 2013) . We also estimate the number density of jet using DEM at the instant when it is clearly observed. The density is estimated to be 10 9.92 cm −3 . v is the velocity of the jet which is found to be ∼ 43 ± 4 km s −1 (see Section 4). Using n jet = 10 10 cm −3 and velocity of jet, we estimate the energy density to be (19.6±3.6)× 10 −3 J m −3 . Energy density of the oscillating loop is defined as, (Goossens et al., 2013) :
where ρ 0 is the internal density of the coronal loop. Using DEM we estimate the number density inside the loop to be 10 8.56±0.17 cm −3 . ω is the angular frequency of the oscillating loop (ω = kC K = (and 3.27±0.19×10 −3 s −1 assuming loop to be semicircle) using the parameters estimated in Section 5.2. A 0 is the displacement amplitude.
The displacement amplitude for n=4 slice is ∼ 4.50 ± 1.72 Mm which is maximum of all the slices (see Figure 4) . We estimate the energy density of the loop corresponding to this amplitude is ∼ (3.28 ± 0.89) × 10 −5 J m −3 (∼ (3.26 ± 0.23) × 10 −5 J m −3 assuming loop to be a semicircle). For n=7 slice, where the displacement amplitude is ∼ 2.75 ± 0.22 Mm which is minimum of all the slices, the energy density is estimated to be ∼ (1.23 ± 0.09) × 10 −5 J m −3
(∼ (1.22 ± 0.1) × 10 −5 J m −3 assuming the loop to be a semicircle). Therefore, the energy density of the oscillating loop is within the range from (1.22 − 3.28) × 10 −5 J m −3 . Since the coronal loop is not monolithic and consists of many fine loops, we estimate the energy density using multistranded loop model. The energy density in multistranded oscillating coronal loop is given by
where ρ e is the external density of the coronal loop. f is the filling factor, which is defined as the ratio of the sum of volume of individual flux tube ensemble together to the total volume containing flux tubes. Using Equation (8) and (9) we get
We calculate the filling factor, f as defined above at several instances along the length of coronal loop. The mean and standard deviation is estimated. Therefore, the f is found out to be 0.17 ± 0.03. Substituting the value of f in Equation (10), we find that E multistrand = 0.434 E monolithic for density constrast of 0.1. E multistrand = 0.476 E monolithic and E multistrand = 0.578 E monolithic assuming density contrast to be 0.4 and 0.7, respectively. Therefore, we find that the energy density of the jet is much greater than the energy density of the coronal loop. The jet might be transferring a part of its energy to displace the loop. Hence, the jet can be inferred to be the cause of the transverse oscillations in the coronal loop.
Interaction between jet and loop
In the Section 6, we find that the jet has enough energy to excite oscillations in the coronal loop. In running difference movies of AIA 211Å (see movie 7) we find the evidence of both hot and cool components of a jet hitting the coronal loop. This could be a simple projection effect, but we do not know which trajectory the jet follows: maybe it curves, hits the loops and some part of the jet plasma is seen as the inward moving feature in STEREO/EUVI 195Å.
Furthermore, there can also be the possibility of the collective transverse oscillation in two fluxtubes. Looking the jet's magnetic field spine constitutes a fluxtube that includes flowing plasma and is subject to long-period (24 min) transverse oscillations. The coronal loop is another fluxtube originally in equilibrium in the vicinity of jet's plasma column. The separation between the oscillating jet and coronal loop is estimated to be ∼ 45 Mm as shown in Figure 13 (right panel). Luna et al. (2008) studied the collective kink oscillations of two identical parallel magnetic fluxtubes. They found that there are four modes of oscillations of such a system in which two are in-phase oscillations. Later, Van Doorsselaere, Ruderman, and Robertson (2008) reported that the kink oscillations of the system of two non-identical tubes is degenerate. They found that similarly to the kink oscillations of a single tube with circular cross-section, there is no preferable direction of kink oscillation polarization, and the two longperiod (and also short-period) oscillations merge with each other forming two oscillatory modes (one with long and another short period one).
Significant developments have also been made considering the various models demonstrating the damping of the kink oscillations in multiple magnetic fluxtubes (Luna et al., 2009 (Luna et al., , 2010 Ofman, 2009; Terradas et al., 2008) . The linear theory of the resonant damping of kink oscillations in two parallel magnetic tubes is also developed by Robertson and Ruderman (2011) . It should be noted that the observed jet shows transverse kink oscillations of two periods : 21 min (long) and 2 min (short) (Figure 14) . The loop in the vicinity also exhibits similar transverse oscillations, although only long period (31 min) is detectable in the observational base line. It is also noticeable that the long period kink waves in both flux systems are almost out of phase. It should be borne in mind that we do not know that at what location and at what time the jet interacts with the loop. It may not be necessary that the visible jet material has to strike the loop. Both the jet and coronal loop are magnetic flux tubes thus the interaction between them may happen earlier than the observational signatures it produces. If the jet interacted with the loop and triggered oscillations before the bright visible material reached the same location, in that scenario, at the instant when bright material will appear adjacent to coronal loop both systems might go out of phase. Both fluxtubes, i.e., upper magnetoplasma column of the jet and the part of coronal loop in its vicinity (45 Mm apart), are non-identical fluxtubes as their plasma and magnetic field properties are essentially not the same. It is worth noting at this point that this distance is projected in the plane of sky and therefore is an underestimate of the real distance which could be higher. Therefore, the model of Van Doorsselaere, Ruderman, and Robertson (2008) might be at work in the present observational base-line where the transverse oscillations of short period (2.0 min) and long period (21 min) both are excited in the jet (Figure 14) . The two modes with higher period are most likely merged in one degenerate mode, and the same occurred with the two modes with the lower period. Since the modes from each pair are polarized in the mutually orthogonal directions (cf., Figure 14) , the degenerate modes created by merging of two modes can have arbitrary polarization. The long-period mode is only detected in the coronal loop tube, while the short period is not detected. This may be the fact that plane-of-loop apex is in such an orientation that the arbitrarily set polarization direction of the short-period oscillations (what is seen in the jet's body) is non-identifiable.
Conclusions
We report large amplitude and long period transverse oscillations in a coronal loop most likely triggered by a nearby oscillating jet. We find that the jet appears as bright feature in all AIA channels but soon disappears from hot channels like 211Å. A faint emission is also seen in AIA 211Å which is considered as a signature of heating. We estimate the length of the loop by two different methods. (i) Calculating the projected distance of the loop in the plane of sky, which can be considered as the lower limit of the length of the loop and (ii) estimating the length of the loop assuming a semicircular geometry, which can be considered as the upper limit of the length of the loop. Therefore we estimate the lower (upper) limit of kink speed and Alfvén speed to be ∼ 392 ± 17 (560 ± 38) km s −1
and ∼ 299 ± 27 (516 ± 35) km s −1 . We use the seismic inversion technique to estimate the magnetic field strength inside the coronal loop. We estimate the lower (upper) limit of the strength of the magnetic field inside coronal loop to be ∼ 2.68 ± 0.64 (4.5 ± 0.31) G which is less than a typical value of magnetic field inside a coronal loop. It might be because it is not an active region coronal loop. Finally we estimate the energy density of loop. We find that the energy density varies from 1.22 × 10 −5 J m −3 to 3.28×10 −5 J m −3 which is about two to three order of magnitude lower than the energy density of the jet (∼ (19.6 ± 3.6) × 10 −3 J m −3 ). Therefore, we conclude that the energy stored in the jet is found to be enough to excite oscillations in the coronal loop. The present observations also support the model of the collective transverse oscillations of two non-identical magnetic fluxtubes in which long and short period modes are excited with arbitrary direction of polarization (Van Doorsselaere, Ruderman, and Robertson, 2008) 
